Proliferation markers.
Types of growth include embryonic, fetal, neonatal, juvenile and mature. Until full differentiation is achieved, cells grow through proliferation from progenitor cells. At maturity, the cellular genome is fixed with committed patterns of cell cycle duration and adaptation, ranging from static to renewing type 3. The static cell type cannot proliferate and adapts through hypertrophy. The renewing type continuously proliferates even without stimulus. In all cell types the processes of differentiation and proliferation are mutually exclusive. Cellular kinetics involve (a) the duration of the cell cycle, (b) the birth rate of cells, and (c) the growth rate fractions. The duration of the cell cycle is 2-4 days. All growth factors (GF) exert their influence during G1 phase. Release a GF by one cell type can influence the proliferation of another (= paracrine stimulation). At the end of G1 is the point of highest sensitivity to toxicity. Tumor suppressor genes act here through tyrosine phosphorylation. During S, the cell replicates its chromosomes. During G2 the immune surveillance and DNA damage repair mechanisms operate. Injured cells stay here longer enabling repair of their damaged DNA. Cell division involves both nuclear (mitosis) and cytoplasmic (cytokinesis) phases giving rise to 2 new cells. The cell cycle has 2 checkpoints. The first involves the G1-S transition and the second the G2-M transition. The types of cell cycle inhibition include (a) cycle- and phase-specific inhibition; (b) cycle-and nonphase-specific inhibition; (c) noncycle-and nonphase-specific inhibition, and finally (d) noncycle, nonphase-, and nonorgan-specific inhibition. Proliferation is a circadian process and it is stimulated by a variety of stimuli which include (1) interference with hormonal feedback pathways; (2) inhibition of the tissue trophic activity; (3) sustained presence of antigenic substances; (4) tissue ischemia; (5) changes of conditions luminally or on surfaces of tissues; (6) sustained cytotoxicity; (7) cell death; and (8) surgical resection. Proliferation can be arrested through senescence, apoptosis, injury or even during the development of immune cells. In the past, tissue/cell kinetics have been studied by tritiated thymidine histoautoradiography. Recently, monoclonal antibodies to proliferation-associated antigens, have been successfully employed. These antigens are cycle-associated proteins and include (1) PCNA; (2) p53; (3) Ki67; (4) AGNOR; (5) Statin; and (6) BrdU. Practical examples are given comparing PCNA and BrdU markers from 3 tissues, i.e. liver, glandular stomach, and uterus, across 2 or 3 strains of rats. Mean values of labeling indices are cited. Within the PCNA marker, 2 different clones are compared from the glandular stomach of SD rats of 2 different ages. Gender and across species comparisons are also made. All these comparisons denote that in every study where markers are used (a) there is a need for a concurrent study control group of the same age; (b) there is a need for in-house control data for this particular organ by species, strain, gender and age; (c) there is ancillary assessment of the trophic status of the target tissue; (d) there is a need for at least 2 different time points during assessment; (e) there is a need for such proliferation data prior to commencing the 2 year rodent bioassay; and (f) that PCNA is the most reliable and versatile of all markers used, capable of rendering good results even from archival specimens.